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INTRODUCTIONS

Although a lot of time since August 1, 1964, was involved
with literature searches and gensral orientztion, significant pro-
gress has been made towards the goals of this research project. Two
questlonnaires were circulated to investigators involved in the RASA
remote sensing projects. Members of the Northwestern team made two
separate visits to the Pisgah Crater Test Site, California, and
undertook extensive sampling programs; a start has been made toward
working up the data from the collected samples and from extensive

photographic records.

CONCEPTS:

We have gained a reasonably clear concept of the initial
statistical problems that will be involved in predicting the nature
of a sensed area ('ground truth') with the aid of remote sensors.
Undoubtedly, as our work proceeds additional problems will emerge,
but it is already clear that the sampling and statistical problems
are considerably more complex than had been anticipated. A major
manuscript is being prepared with the intention of exposing some of
the principal difficulties; it is hoped that such a paper will be
useful to all experimenters in sharpening the focus on specific
problems and objectives associated with remotely sensing ground
truth,

Some of the problems may be briefiy stated, Statistical
quantitative models must be erected for the following:

(1) data concerning those geological attributes traditionally
studled by geologists. These appear to fall in two categories:

(a) geometrical attributes of the surface (e.g+, Joints,

terrain, relief, roughness, etec.), and




(b) physical and chemical properties of the earth's
surficial rocx units; soretires as many as 140
atiributes have been measureda for individual hand
samples, and 300-500 attributes could be measured.
(11) data concerning the materials at the earth's atmosphere-
lithosphere interface that could be subjected to remote sensing.
At present there is essentially no quantitative information about
the nature and distribution of wind blown dust, silt, and sand,
disaggregated debris, desert varnish, caliche, soil, etc.
(i1i) remotely sensed data.

Methodology for distinguishing the most significant vari-
ables from the many hundred that can now be measured directly or by
remote sensing is urgently required in order to abstract the optimum
information from the expensive numerical data. Several concepts
(and computer programs with which to test them) that permit an ini-
tial exploration of significant methods have already been developed
by members of the Northwestern team. Additional work is required
to extend these teéhniques to data derived from remote sensing
experiments.

A specific attempt is being made to develop statistical
models that permit correlation of (1ii) with (1) and/or (ii) for
stated variables. This work ralses several gquestions that require
urgent attention, e.g.,

l. What are the objectives of the sensing? Answers to this
question will involve precise operational definitions of

'ground truth! attributes.

2. How many attributes need to be measured (estimated) to
satisfy the objective?
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3. Is it practicable to measure the most important attributes,
or must they be estimated from measurements of closely cor-
related variables that can be estimzted more easiiy?

Experience in the more traditional fields of geologilcal
enquiry has shown that strong correlations exist tstween many vari-
ables (e.g., variables drawn from closed number tables). The vari-
ance of each attribute within samples of constant size is in general
different. The variance of a specified atiribute within samples of
dissimilar size is commonly different. EBach attribute measured for
samples of constant size is a dependent variable with respect to
geographic location, so that X,. = £(U,V), where X,o is the nth at-
tribute for samples of size s, and U and V are orthogonal geographic
coordinates. Confidence limits can be associated with predictions
of X,g, but, unless the sampled and target populations are the same,
statistlical inferences about the target population cannot be based
on data drawn from the sampled population (Whitten, 1961, 1964).

Materials at the atmosphere-lithosphere interface undoubt-
edly follow similar rules, but, unfortunately, there is essentially
no information about their quantitative nature and geographical
variability. In fact, so little attention appears to have been
given to such materials that operational definitions must be erect-
ed before they can be adequately sampled and measured. Undoubtedly
relationships such as Y, = F(U,V) exist, where Ypg is the mth at-
tribute for samples of the atmosphere-lithosphere interface materials
of size s.

At present it is not known whether, in general, it will be
possible to make predictions aboutX,jon the tasisof Y . (g.g,whether fumc-
tions of the type Xpg ®= G (Ypg) would have any general usefulness



for prediction purposes). In a few special cases evidence for such
correlations exists (g.g., trace element concentrations in certain
plants have been correlated with mineralization under the soil zone).
This is an important topic because many remote sensors will probably
estimate Yms, although a geologist is commonly only interested 1in
Xnse As a specific example, some of the basalts at Pisgah that bear
a desert varnish veneer may be considered; some sensors may chiefly
respond_to the desert varnish which has markedly dissimilar attributes
to the basalt mapped by the geologist.

The required statistical models are likely to be complex. 1In
addition to textural, chemical, physical, and other allied attributes,
numerous external variables (e.g., temperature and moisture) are
likely to affect some, but not all, of the Y, attributes. For
example, clay minerals, zeolites, etc., change their properties
under different climatic conditions; again, the salts at the surface
of a playa tend to vary seasonally. Thus, ¥Ypg = F(U,V,R) should
probably be considered, where R is a whole range of external
phenomena (variables).

It can be concluded that the objective -~ the particular aspect
of ground truth - sought after is highly significant in designing
statistically-significant experiments. For different objectives,
different attributes need measuring. To differentiate a sedimentary
from an igneous silicate rock of analogous bulk composition, or a
sand dune from a quartzite, or a jointed from an unjointed rock,
different attributes must be measured. In most cases models based
on the remotely sensed data will not yield the required ground truth
directly; rather, correlations will need to be established between

the sensed attributes, Syg, and Xpg and Ypge Such techniques are




-6 -
not uncommon in studies of directly-measured attributes. For example,
Vistelius (1962) predicted the P205 content of samples of a granite
from Tien Shan, Russia, by expressing this attribute as a polynomial
function of modal variables, thus:
Po0g=ag +2a;,9 +a,K +a3zP +ayM
where Q, K, P, and M are modal volume percentages of quartz, potash
feldspar, plagioclase, and mafic minerals, respectively. It seems
likely that a specified attribute could be predicted on the basis of
an array of different remotely~-sensed attributes provided
Sys = & (U,V,R)

where Sy 1s the Nth remotely-sensed attribute for sensed sample
areas of size s, To measure N attributes with identical U, V, and R
independent variables may be difficult experimentally.

' In remote sensing U and V will commonly represent areas
'seen'y, and one can legitimately enquire what precision is needed
in locating U and V; expressed differently, what degree of homo-
geneity do the sensed attributes have with respect to U and V. As
pointed out above, the variance of each attribute is, in general,
dissimilar in this respect. Hence, a significant question must be
posed: If sensors carried on the same platform sense neighboring
locations of slightly dissimilar size, are the results significantly
less useful than if identical sized and located sites are sensed in
each integration? Intuitively, on the basis of experience gained
with traditional rock attributes, it seems highly likely that dis-
similar size and location would make the sensed data considerably
less significant. Specific sample collecting has been undertaken
at Pisgah Crater Test Site in an attempt to obtain some specific in-
formation on this problem. A wide range of attributes 1s being




-7 =

measured and'preliminary results will be made available as obtained.

In general, it would seem that the severe statistical pro-
blems involved in establishing ground truth on the basis of any form
of remote sensing force the conclusion that at least one very simple
test site should be studied. Sampling at Pisgah has already demon-
strated that the area is extraordinarily heterogeneous and statis-
tically complex - especially with respect to attributes of type Y ..
So little has ever been recorded about the nature of the atmosphere-
lithosphere interface in well-exposed areas, that it is proposed to
make an informal survey of this topic in a variety of different
areas, Casual observation suggests that the amount of unadulterated
bedrock exposed in desert terrains is extremely small - possibly less
than in many non-desert areas.

After preliminary data have been developed and statistical
models have been prepared for portions of several test sites, vari-
ous diseriminant functions should permit ground-truth models to be

evaluated,

QUESTIONNAIRES :
An initial questionnaire (Table I) was distributed on

September 18, 1964, to determine the variables sensed by apparatus
being developed by NASA experirenters, the area sensed at one time,
the target of interest, and the effect of grain size and terrain on
the experiments., The twelve responses are summarized in Table II.
Following the October 13, 1964, meeting at Ann Arbor, Michigan, a
second questionnaire (Table III) was distributed on December 3, 1964,

The six replies received to date are summarized in Table 1IV.
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TABLE I
QUESTIONNAIRE I : ISSUED SEPTEMBER 18, 1964

We ask all groups collecting remotely sensed data to give

us advice on the following points:

1.

2e

Variables to be sensed: What variables will the sensor you

are working with measure? - @.g., What elements in bulkrock?
What oxides in bulk rock?
What minerals in bulk rock®
What other variables?
(e.g. radiocactivity,etc.)
Area sampled at one moment: What is the power of resolution

of the sensor you are working with? That 1s, what area of
the ground surface (square or circle of ground?) will be
evaluated by any one reading? Will you be involved with a
single value for each measured variable for each unit area,
and continuous reading recorded during a traverse, or
photographs of areas?

Target of interest:s Some sensors evaluate the immediate
ground surfacej; others penetrate beneath the immediate sur-
face. Will your sensor evaluate (a) the extreme outer sur-
face, (b) the rocks within inch or so of surface (as in
normal geological work), or (c) rocks at some specified
depth under ground surface?

To what extent are factors like average or range of grain
size and terrain type significant to evaluation of the

sensor data with which you are dealing®
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TABLE I (CONTINUED)

I am sorry to bother you with these questions, but it is
unrealistic for us to commence work without firm answers to all of
these questions. I would greatly appreciate your‘;:operation and
prompt reply. A questionnalire is enclosed which you might care to

use instead of writing a letter.

RETURN TO: E. H. Timothy Whitten FROM:

Department of Geology Name -
Northwestern University
Evanston, Illinois Address -

Geological variables to be included in 'ground truth' evaluations

l, Variables to be sensed:
(a) elements in bulk rocks:
(b) oxides in bulk rocks
(c) minerals in bulk rocks:
(d) additional variables of interest:

2. Area sampled at one moment:

() Ground area evaluated at one reading:

(b) TIs the area a rectangle, square or circle?

(c) Single reading each variable each unit area? Yes/No
Continuous record during traverse? Yes/No
Photographic~type record? Yes/No
Other (explain)

3. Target of interest:
(a) extreme outer surface of Earth Yes/No

(b) rocks within inch or sc of surface Yes/No
(c) rocks at specified depth below
ground Yes/No

What depth?
4, Is average or range of grain size significant? (Please explain)

5. 1Is average or range of terrain significant? (Please explain)
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TABLE III
QUESTIONNAIRE II : ISSUED 3 DECEMBER, 196%

Statistical problems associated with 'Ground Truth':

1.
2.

What is 'ground truth' in terms of your sensing experiment?
There are many hundreds of attributes of rocks and the areal
variability of each attribute is dissimilar; thus, we need some
guide as to which attributes will affect your experiment before
considering specific statistical problems involved in establish-
ing ground truth. Please indicate, being as specific as possible,
what attributes you wish to have information about in terms of
ground truth. Particularly emphasize the attributes of the rocks
and ground surface that are significant to you*.
What is the size of resolution of your equipment if flown at
the following altitudes:
1000 feet. .
5000 feet. .
10000 feet. .
20000 feet. .
%0000 feet. .
10 miles .
50 miles .

100 miles
200 miles

® @ . L] L] [ . . .
®» o & s s & s e o
e 92 ¢ & o & o o @
e s o & 8 2 ¢ & o
L ] . L[] . . L] . L ]
e o [} . L] . e o @
[ ] L] L] ® * & & o @

*

Examples include: Weight % all major oxides in total rock; weight
4 or p.p.m. all trace elements in total rock; weight or volume %
of each major and accessory mineral in total rock; weight % of

ma jor and minor elements in each major and accessory mineral com-
ponent of rock; textural features of rock (e.g., grain-size, mean,
skewness, kurtosis of grain-size, grain shape, megacrysts, etc.);
porosity, electrical resistivity, inclusions, etc.; specific gra-
vity; superficial covering of sand, silt, clay, dust - type and
amount which is important; structural attributes of rock (e.g.,
preferred orientation of grains, jointing, shattering); surface
characteristics of rock in terms of roughness, slope, etc., etc.)




‘+'

5.
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TABLE III (CONTINUED)

At this time do you have any recommendations as to the altitude
at which your experiment should be flown in aireraft for the
acquisition of test site data?
Does your equipment record instantaneously, or is the record
smeared due to aircraft speed (Lowest aircraft ground speeds:
Convair 240: 200 ft/sec; Convair 990: 630 ft/sec)?
What is the integration time of your equipment? Does equipment
sense in same portion of spectrum throughout whole integration
time? If not, how will this affect attributes being sensed from
moving platform?
Since several sensors have very high resolution (e+.g., One square
foot when carried in aircraft, or fraction of foot when used on
ground), it would be prohibitive to provide precise ground truth
on the basis of such small unit areas (even for a 10 square mile
test site)s So that all high-resolution sensors test the same
preclse areas, would you be prepared to agree on one, two or
three semi-permanent traverses or subareas at Pisgah Crater in
order that ground truth can be maximized?
If yes, please designate (on the basis of your preliminary work
at Pisgah) one to three optimum localities for you; these sub-
areas will hopefully cover a sufficient variety of surface fea-
tures and rock composition. They could probably be defined on
Dr. Colwell's low altitude aerial photos or marked on the ground

in a semi-permanent manner).

Name of respondent

Date
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_LIST OF . INVESTIGATORS TC WHOM QUESTIONNAIRE II WAS SENT

Dr. Peter C. Badgley
Dr. william Tifft

Mr. James E. Gillis, Jr.
Dr. R. N. Colwell

Dr. John B. Adams

Dr. John F. Cronin

- Mr. Bernard B. Scheps
Mr. M. W. Krueger

Dr. William A. Fischer
Dr. Stephen J. Garawecki
Dr. Ronald J. P. Lyon
Dr. James E. Conel

Dr. William Nordberg
Dr. Richard K. Moore
Dr. David S. Simonett
Dr. William H . Peake
Dr. Isadore Katz

Dr. H . Cameron

Dr. Frank Barath

Dr. Robert C. Speed

Dr. D. Jones

Dr. E. D. McAlister

Mr. J..Green

Dr. A. R. Barringer

Mr. Leo F. Childs

Mr. K. R. vebster

Mr. R. R. Stephens

Mr. Rollin W. Gillespie (for his interest only)




(ureatsy snoousomoy
LTxpey Jsa0 L[Tetoodss
Sugaeouws punoad quessxd o3
386q 8J® S1YITLF opNITIIR
YSTq exojoaoyy) seqnuim

(*38aTF shfeams
punoxd) sseT 10 ,0T
$89pN1TITe POpUSUOdaY

N.E@HIASOON

™ T -TW 06

27 z-0f x ¥ ~TuoT
NGHmOH X %°9 = ,0000%
23J¢0T X 9°T - 400002
40T X 7 = ,0000T

233 40T X T - 10006
233 007 - 4000T

OTXy =y =

:q SUT WOJJ J90u

1TUN YOOI OTXIOWDS3

Io/pue ofdoroarjed yowS UL 9UB}ITWR OLIIOWOTUCS JO

JuslBINseoW JTjemoIgoouc ‘ounqersdwey T3S UT ‘s3Tun
¥ooX Jofew JO UOTINqTIISTP TeI98] § TBOTIISN $89ING TI3YY

480J99UT JO Sw¥eIw JO
uunroeds uorsstme, oqndmos pNoo UOTjwWIOUT STUL a3t
(£3oTereutm 3 Lrjoumwed eoeyans Jo o3poTAOU seT{dury)
£3TAT300TJOa TWUOTI0OITP JO OLISWOTUCT Teag0edg
(ur ur) £31susdowmoy [BOTRIPA JO @oadeq
(um Jo yydep 03) sTRIIegwm
80%JINs JIEdU JO SUSTOTFFeod uopjdaosqe § Bupxeljeog

| OT se SuoT s® oq Lew ‘urm, ~SIP JO UOT3oUNI ® Sw (sxejourques meJ B Jo ydep ® 03) ,umraqyTInbe 1dL
-Jo0un €} 9WT] UOT}BJIfequUl {PUNOXI UO DOATOSAI wOIy OTwRUAPOWIoY} TEOOTy JO JUS)XS P UOTINQLIISTP eanjeradus],
sueipeIes 40T x 7 :sxejouwered SUTMOTTOF JO 930TMOW| JO S1STSUCO UYINI} PUNOJY Tou09H
oTqresady peaeews ST pIooey $MOTA JO PTOTI °*xoxddy (£ryewogoydorioeds pesexyuy) *y sowep
*e98d Jurlyyrrduys
erqyssod ‘mroypum u°TT® JOo smiwys pue
Suroq sv ayw] Lxg x00 91ms oyl, {s390fqo TeanyIno ‘uoriewjedea ‘sTros  :o8TY
~TIM 818038n8 {sveaw | *punq Terjoods owws sesueg *JUequ0d OanjsTou ¢801381IO30vIBYD VIV
I8VY0 S8JITsep OSTy | SW[] UOTIeadoqul STqRLIBA e00RJans ‘senqIa)ls [eIN}ONT}s ‘I0A0D 89BJans TETOTJIadns
(3oreue woom) | eTqyssod SpIodeI povous 800N Y °Y ‘£3TATIETE0T TROTII0OTS ‘Soanjeoy TedMixs]  :8e4NGTIIIY sdeyog
yedstd aoy Leyo JO SNOSUBiUB}SUT JOY}TH Jo sesuodsox esp (xepey) preuxeg
UL, PUnoIs o
oz uIXew 0] peqoeTes Josws Jo safjrodead SOpn1T3T8 SNOTIeA 3B
8q sweJe-qnE uw) UOT3BIS9qUT R UOTNTossy S8JO8USS JO WOTInyosoy POTPMIE ©q 03 S9INQTIIIB JOOI ¥ YINI} PUNOIS JO WOTFIUTIO( | JOFNQTIFUOD

- N..H.l

IT JEIVENOLIISEND O

w
“

SHI'TdHY -

‘AL THYL




8YeT JO ,SIO3UL], JO SJoAe] *ouly UOT3BIISQUT i
pues QMOHO,.HMPO swos Sug 93TUTJ ® SUTABY U ;
~uteluoo sdeqred ¢ B 2 yroq -TIadxe ue qIIMm 9TOTUPA
*BABT pooBJJIus ) Suraow ® ut eonwno.&ﬂmwmwm 983 000°0T ‘000$ ‘000T . ) ‘ .
-y3nox ‘Lead jo uworzaod °¢ jouus) °*o8s TQ° JO owrg | §epniTITE pPOpusumooay ur o T 1 Woaj mmmmom TO oFHEY J0 emmaxdl ¢
*BABT poorjms uoT3BISeIUT YITA ¥ NAA. T 9 X €7 ~ TW 002 (aofem) stsiTeur Tepow ‘uoryisodmoo TwoTmoyo Ing 2
-£sswv1d ‘jyoerq Jo worjIod °Z .9« pueq oy3 Joa0 sfealw “TW g X 7/€ - TH 00T ¢ € ¢ wwﬁc
*aprs mg sdegred wess Sursues ‘I575WOTPEI *Tw £T x g/¢ - TW Q¢ J0 Ttos Jo wyydep mn.m.m oaTo13a8d ‘g proa ‘sseuySnoy °T
98T ® UO ‘WII Jojey °T TS107 & o esn amy 4£q 075T X 0g€ - TW Q0T i SOUBOTJTUSTS WNWIXEW JO ST WO g~ 99BJING - SOINQTII}Y
:STOJE DOPUSWMOOSI ¢ | STqRIOSII00 8q TITA STUL 00T x 00¢ = ,00007! 90BJIMS HOOX JO 9ZTS
*sesIoART) JUSYXD UTR}ISD B OF °2¢T 009 X 0ST - 400002 ayoryaed 3 sseuydnox usyy ‘juesqe JT - Yood oyy Surll
*3J 000T X OT 40 *3J = WOIJ oW} S,pucoes T @ 00¢ X 6L = ,0000T -1840 TT0S Jo0 pues ‘3snp jJo ezIs aloljred » sseuysSnoy
00TX 00T ©q PTNOD Swaxeqng ;| Joa0 g qutod 1 uses 0sT X 07 - 0009 Lyeatry |
*(seyout 0°z x %° = pue T qurod 1B wees 'Y Ot X L = 4000T | -ey7quendb sdeysed 3 LToATqEyITERD (s3uenyt3suos Joley)
£Ty8noa) »°1J 40T X6 | Buryea Sutuueos yySueT soaSep *bs ,° soToq Tydure
usu3l ST ‘A0°d ‘43 6 1e -oABM B sosn jueudInby lynoge *A*0°j snosuwjusysul 3 sowsxoxhd ‘iedspray ‘z3aenb Jo ¢ SWATOA (T=PoW) VSV
80JNOS ® U0 posndoFy 3q ueo | POIESWS ST PI0dad Syl UOT30W 3JBIDITR 0% soT13ex -1 B OIS
‘podras uo ‘xegemoxgoeds YT | - *098 T qnoge | onp Jwouws $ MOTA JO PIOILJ AL1qrssod R uoryrsoduod TeoTWRYD N[N - UGNI3 PUnods w0k
*g9sI9ABI} € 0% manmawu&dw = SW[3 UOT}BIZOqUT [SNOSUBJUBRLSUT = UOTJN[OS|Y (poxeazuUT) *d°ry

*£1TATSSTUR OTI38U
. ~otuod pue [BIjoeds ‘Tej0q fAuw JT ‘soussseurmm] palsIn
! -Wils Afl JO UCTINQLXYSTP Teajoeds {£3TAT308TieT An feamy
! ~stoi] fuorydraosep orydeaSoxisd pue L3oTwrIouTu {(fpmys |
w T3] JBYITY | Sutpued perJipom oG Lem {pn J0F “syjaes oJel ATIB[NO |
30006 = +000T: =-t13a%d ‘squomeTe soexy Jo *wdd a0 ¢ *3n YT J0F SOPIXO0
$S9pn1TITR POpUSWLIOdDY Jofew Jo ¢ *3m) uorrtsodwoo [eoTusyd {4wey oryroads
w B AjTATSSTUSUBI] ‘A3 TATIONPUCD TeWISYy $¢99BFans JO

2 W 000°02T‘T - T™w 002 UOTFeINITJUOD {ISA0D0 9S0P JO SSOWOTY} pu®w UOTRNGTII}
*BISWBD P3}BIQTTEO "W 000082 - ™ 00T ~sTp ‘e2Ts uread feopjans Jo aanjeredmej :seqnqIazly
u3tm sojoyd epnitTyTe pucodsTIT® [°Q ‘suwry 2N 000°0L - T 0% UOTFBITOX3 AN
MOT oY®} TTIM pue TOx} TTonp swogsfs Juruuedg z 3 00ge ~ ™ 01 Jo 1[nsea ® s® A5I0U° qUOOSOUTUNT JO UOTSSIU® oy}
~Uod punoxs Sup{aem pue 2" 009T - ;00007 STETJI99BU punodd JOo  A3TATI0OTISI AQy °U3 |
Burystrawyse sT °g*ng'n *0opTA -z 3 007 - 100002 £8oun ‘sto'sta
YOTYn Ut SedJe JO asn Al J0J sNOSUBlUBYSUT 2 3+ 00T - ,0000T YL JO UOTSSTW® OTJI}OWOTUOS JO Tw303 ‘Texjoeds o3
pueumooex £73uox}s prnoy ‘An eatssed 3 ¥T 2 ¥ ST = 10006 $1409JJ8 1873} SIUSWRTS JO SI030BJ — UINI} PUNOIN JIBYOSTI
e1qeeaIdy JI0J POJBOUWS ST PIoody 2°W T - 1000T | (setTpnis 4OTOTABI}IN ¥® peteIjul) *Y WeTTTIH
¢UINT} punoad ozTuwixew 0% Josuos Jo serqtedoxd sapny 1y e SNOTIBA 3B potTpnis °9q 0}
Po3o9Tes 8q swelw-—qns ue) uot3eldequr ¥ UOTINTOSSY S8JOSUSE JO UOTINTOSSY 599U TI43® J00I J YPIIF PUNOI3 JO UOTFTUTIR(Q| 090 TIIUOD
- OT =




*EISETY
‘reme; ‘ousorop quepray ¥
*uo3sxgy ‘pueg
‘saanyee pejeroosss
? soquy eaRT ‘s3urads
10U 218pTed Lxxaqme; °¢
*JITRD ‘saejuan
ouci; ‘queUSTTE ouoy °*y
*oyepr ‘moor;
8y} Jo sae3ea) ‘euoz 1JTy °%
:SpUSTTOOR I OSTY

*8WT] WOT3TI equT
9TOUM I9A0 PISUSS ST
ma3oads Jo uvotqaod ateg

'

*PeTongs auanjeey
9y} J0J pearubsa uoiqn

{ —TOS8X 8ATL 03 Jo928WETp

7 n,

UsTo o1y Lava ueo ‘Luy
1S9pNLTITR popULWIOOSY

251 ¢ -TH Q0T
SI9IBU MBI ~ ;0006
isuoInyosag

*X0xdde ey} SAIZ TTIA

(o318 ‘uoijeyefes) aesusa sorymg °
®ZIS urBxL) °

¥ o SuI93 UT sssuydnox Jo aaadeg *
A3TarssTu

£A4TATIONPUOD TwuIoy  °

UoI1BIS]TE JO 93a9Qq °

£50TOUY3TT Ssoxy °
(aopao 3sat3) Sursuss
Jo y3dsp jo uoTlOUNJ B SB JUORUOD OINLSIO] °T
*S909JJ9 J9PJ0 PITY} JO puodes ‘gsat,

8Jd7 YOTU SUTLI9GSP }Stu {susowjun Lue; :S930qTIY}Y

NN~ D N0

WD G¢ JO TRAISIUT | “SINITJ 30¥9 JO 8ans 3oy Sutsues Teo1ja9A ‘aeqeuw A_c.Mmmm vwx J *BIAY
JOJU00 ' Y1 M Jpisye p9 *1I0UyS LAIoA M.kuf..nu.ﬂ..m ~®Ip Ul J998m T ystp WO QT 03 W G°g QMMH.N.HK oy} utr = rxowmy °N
| SW8WoQ¢ sermmbe 4893 | ~Twmd s owyy moTgoaFeqwr ® 207 *Ioq0uWEIp BU Y217
_ 7 3o sdew anoguoo yes -U9IUR JO WOTLOMNJ ® S sanjerodueq 90BJINS IS iyINI] PUNOIY uad.1y
~STd opraoxd uep *eyc woossSy "POIEOUIS ST PI00dy | poideA og uvo uoTynTosey (ArauoTped 9ARMOIOTT) Aoz
T UMY punoxy Sz {uixed OF JIOSUSS o sotqedoxd S3pNYTITe SNOTIRA je PITPMS 9q 03
Pe308T8s aq sweIe— NS ue) UOTIBIFOQUT 3 UOTINTOSOy mncwnwmpwm uoTjnrossy S9qNQT IR J[00a 7 INIGF PUMOIE JO UOTQTIUTISC | J030qTIRFUC)H

~6T-

Y I ]




£108{q0 TeJInyu) "V
S300J S owWes mmwwnm@o.a hmwwm *3

9y 2 mw s
~-JOUT U®B 90BJJNS ¥, RIFPI00 OIN)STON °
vv..mmwmmvov mﬁmwnow { .”mw.q A mépmhwgamwm 3
Ho0I ewuﬁ POATIap S[LOS
asues ATuoc uwd Y 2y} Jo youm JOJ) STIOS °€
(mous £1p Jo uorgeajeued pood) Moug °*¢
uogq61e3op [
Mﬁmmmwm U018 Q08378
QOanhommﬂpummohm msww mnsvmmwmomMAQmpmnmo.m

queqIodmt A f1ueqlIod eaM}SION ‘9
mMaOMPanﬂu
pue aT8ur adols ‘ssouydnog) saan}esJ SVBJIIS ‘G

Mmmﬂ
chmmong.nmcowpomn..n@vmmpzn.wnpvm.mmnspg1\

ue}.Ja0 uss 2z
eTTIe1s ‘ALwro onﬁ.ﬁmmMpwww.nmbo .mmmwo,.nmmedm ¢
AyTAafqonpuod ‘L3TATIITEISI °¢
*(edeys pue 9zTS Uredd) seunyies [emyxel °1
sjood *y

me.ocap

~19T® JJBIOoJI® WOIJ uoTynfosex Jaxood o eup 1s84s
T9Y30 OS 3J0u JEBpBRI 109JJ® 41 Spoxoudt

8q 70U ued SFOTrUB JEUN] UC UOTIB}SI8)) €93NqTI}1Y

oE@ﬁ.&mm@ﬁmmm%b Sesu mowanww.HMHmoamwmmmmgoa
-aJt ‘peziaet lmwono.wﬂ.nm peztaeiod JO Sulpxoossy *Y
*SUOTINTOSAI SWOS pueB mnmmumﬁmbmz
2uWos 3r wamow.ﬁzmﬂm 8q Leu sseuysnog seoygoyed
pue ®e mm.pmﬂmupow,ﬁ”@ J0J §ISeq pPood q0u %mwmo»
~oxd se13iedoad OTI}OSTAIP UL SSOULIOJITP = ql €
*J99BM
poUTe}uU0d UT SUOTLRBIJIBA JUSTTS 03 aup hﬁnﬂw.nm
ad&q yoox Snooult w%ﬁm ULY3TM OTJI}OSTOTP UT
UOTI}BIIB) °S}OO0J SNOSUIT J93BM-MOT UBU] QATIONP
~U00 9JOW 9I8 SOOI LIpjuowrpds ‘aoasmoy ‘Arfem
-uon °deTaeA0 9WOS 91BOTPUT SHooa AIejuswipss
pue otydacweqeu ‘snooudt’ 10 SSNTBA OTIJOSTOTQ °*C

reruod SRR B P T L RS

59T} J109701d °d
wwwqm|m>mzhm oys o oI yan h.ma_wwm%w
cods m mwo.w.w.ﬂ_m wasnoonwm w&m I3 mnmmmw.nobg
Jo uorjaod awes sssuag IOSUCT do0F myEp sseujenol 39811 Mwmwwmmmmwm ¢
I0A05 auBASTOx 100 007 ¢ .wm uotjezruedao Jo mmcmnmom uo 3utpusdap) Hmm SBSULY
: 7 e 4 00 0% 000 =818 wmyex Jo spnjtudew oyl Ssuyj pue IS .
om0 pues 30 9053 By *- 30U owp) woTjeddejul | :EOPNITITR POPUSTMONRY §o%1 TUbuRs) 51931%08 OT/2 We 193%0d8 JT °T it
By o sseuysnoy ° -
.HWH@mome« paJesus 40U ST pIoody PATJISSETDO :uOoTINTOS9Yy :squsucdmos TeI9A9S SEY nﬁﬁvﬁwﬁwﬂc vvu_nmﬁ.mm
OH_M :mial~ .r\ .

2 I3 SZTWIX®W O oSueS se doxd g9
-0z- £Uinag puno T 3 X Jo sstqryedo Pn3T3Te SNOTJIRA 3B Ipngs &
N.. po199T9s 8q swaxe-qns ue) UoT3}BISAIUT P WOTINTOSsYy 8Josuss Jo uUorinyosey soqnqTI}ge MO0I R mw?wwvvgmnmﬁmo UOT3TUL I | acynqTI3uod

LR Y



-2] -
SPECIFIC SAMPLING AT PISGAH CRATER TEST SITE, CALIFORNIA:

Eight grids were laid out and sampled in February and March,
1965 (see Fig. 1). Several other sporadic locations were also sam~-
pled. A large variety of sampling methods (including photographic)
was used in an attempt to test the variance and homogeneity of a wide
variety of attributes in a representative selection of different
lithologies. Widely dissimilar sample sizes were studied. Local
magnetic disturbances and inadequate marking of the test site made it
extremely difficult to locate accurate U,V-locations within the area.

The major areas sampled were:

I NNW. of Pisgah Crater - basalt flow overlappihg outwash
fan with blown sand
II GSW. of Crater - small area of cinder-pavement and

interspersed pahoehoe lava flow

IIT SW. of Crater - small area of aa basalt flow
IV Inside Crater - loose cinders in cone
V S. of Crater - large area of mixed pahoehoe and
aa lavas
VI 1iavie Dry ILake - playa with scattered basalt
(overlapping areas marked
out by Lyon and Geol. fragments
Survey in Feb. 1965)
VII On dog-leg site due - alluvial fan at mouth of stream:
south of Crater mixed basaltic and granitic de-
bris
VIIT TImmediately W. of red - mixture of interspersed lava flow
Survey cairn S. end of and playa-like areas.

Pisgah flows
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So far, preliminary numerical data have been prepared in
the laboratory for Northwestern University Site I only. This site
comprises a mixture of basalt, outwash gravel, and blown sand with
spasmodic vegetation in a small area north of the crater (see Fig. 1).
Dr, W. A. Fischer, in a personal communication in February 1965, said
he anticipated viewing an area of 2 x 6 feet in the U. S. Geological
Survey's initial airborne remote sensing experiments (this estimate
allows for 'smear' effects due to aircraft speed during instrument
integration time). On this basis a 24 x 24 feet grid was laid out
and 49 surface samples were collected at 4 feet intervals. This grid
size could be criticized on many counts, and in particular on the
grounds that sensors will not have sufficient resolution to respond
to such small closely-spaced samples. In order to get some direct
information about the variables involved and to get an experiment
initiated, a somewhat arbitrary sample grid seemed justified.
Actually, it is difficult to know what resolution will be involved
in initial remote sensing; Table IV shows that the following resolu-
tions are expected:

TABLE V
Experimenter Sensor Resolution

Scheps Radar NRL aircraft at 2000! 200' x 160!
WADC aircraft (photo
record) 50t x 50°¢

Classified aircraft high resolution®

Conel Infrared

spectrophotometry at 1000! 400! x 400!
Fischer Infrared and

Ultrviolet at 1000! 1' x 1!
Lyon Infrared at 1000! 7' x 30!
Green Microwave

radiometry at 50001 few square

meters

Simonett Radar - classified=*

* N.B. TIME for March 26, 1965 (Vol. 85, No. 13, pp. 85-6) noted
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that the "sharp-eyed, long-range radars of the North American Ailr
Defengse Command watched the launch of the Voskhod II and followed
1t in orbit ... they saw an irregularity develop in the spaceship's
electronic "signature"" when Leonov opened the hatch to emerge from
the capsule. TIME also reported that the apogee of Voskhod II's
elliptical orbit was 307.5 miles above earth. This unclassified
information gives some idea of the high resolution possible with

some radare.

Each station at Site I was photographed, and numerous attributes
are being measured on the photos. Since grain size appears to affect
some sensors, mechanical analyses have been run on the collected
samples and the composition of the several fractions is being
analysed. With the aid of these measurerents the areal variability
of a variety of attributes is being assayed with the aild of several
computer programs, A large volume of results has come toc hand within
the past two or three weeks, and these will be made avail:ble in the
near future,
Other experiments that have produced useful results include:
(i) Statistical analyses of the size and distribution of different
lithologies recognizable on Dr. Colwell's large-scale air photographs.
(ii) Optical Fourier transform analyses have been attempted on a
few representative air photographs in the hope of developing a
technique for assessing the homogeneity of lithologies.

{(iii) Three areas in the Pisgah region have been subjected to
elementary topographic analysis; data derived from coatour maps of
the Pisgah cone, Sunshine Peak, an¢ from a neighboring alluvial fan

have been subjected to discriminant analysis with useful results.
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The full results of all these analyses will require considerable
explanatory text, so it is appropriate to reserve them for inclusion
in a more formal paper in the near future.

FIEID WCRK, MEETIVGS, AND CO“SULTATIOTS:

Meetings attended:

1. Geoscience Test Site Cormittee Meeting, Ann Arbor, Michigan,
October 12-13, 1964, attended by Whitten, Howland, Beckman. On
October 13 a special evening session was sponsored by the Northwestern
team to coﬁsider the statistical problems of ground truth.

2. Radar Team Coordination Meeting, Lawrence, Kansas, December
15-16, 1964, attended by Beckman.

3. Geoscience Test Site Committee, Washington, D. C., March 17,
1965, attended by Whitten.

Field work:

1. February 8-12, 1965, Pisgzh Crater Test Site: Whitten and
Beckman.

2. March 22-28, 1965, Pisgah Crater Test Site: Whitten, Beckman,
and Thomas.

Consultations:

l. Dr. Jules Freedman, . S, Geological Survey, visited
Northwestern University on January 25, 1965.

2. Sampling methodology was discussed with several team
representatives (particularly the U. S. Geological Survey team) in

the field at Pisgah Crater Test Site in february, 1965.
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